Throughout Africa, the population in urban areas is increasing rapidly, often exceeding the capacity and the resources of the cities and towns to accommodate the people. In sub-Saharan Africa, the majority of urban dwellers live in informal settlements served by inadequate sanitation facilities.
INTRODUCTION
Providing safe and adequate sanitation in informal urban settlements, to improve health and sustainable livelihoods, is challenging due to their unique social, environmental, economic, institutional and demographic characteristics (Foppen & 
METHODOLOGY
This study used mixed methods to assess access to improved sanitation facilities in low-income informal settlements of three cities in East Africa. Mixed method research involves the use of both quantitative and qualitative approaches so that the overall strength of the study is greater than using either approach on its own (Creswell & Clark ) . The mixed methods included diagnostic study, transect walks, household surveys, focus group discussions (FGDs) and interviews. A diagnostic study of the sanitation situation in the case study cities was conducted to understand what is known about the cities, upon which eight low-income informal settlements were purposively selected for the study. The three cities, and the settlements, were selected for their similarities and differences in the provision of sanitation facilities that exist in and between each. The study settlements selected have urban characteristics with high population densities and poor neighbourhoods and have been reported to have sanitation-related problems. The study sample size in each city was determined using a simplified sample size formula for proportions (Israel ) . A stratified probability survey was used to administer question- Owing to the difference in the cost of living in the three countries and the inaccurate income data, deprivation was used as a multidimensional scale to measure the poverty levels across the three cities. A deprivation index was constructed using variables linked to the ability to afford basic needs and then normalised to have distributions around the mean for samples as a whole so that we could make comparisons between different groups in the total sample and compare within each county. The variables on ability to afford basic foods, essential clothes, lighting, fuel for cooking and potable water (constantly, sometimes and never) were used to develop a multidimensional index for the level of deprivation for each household, relative to the deprivation scale of the city. For each city, the households were then classified as: very deprived, deprived or not deprived.
For a sanitation facility to provide full public health and socioeconomic benefits, it must meet certain conditions. The facility should be easily accessible, ensure privacy, dignity, cleanliness and a healthy environment for all (COHRE et al. ) . This research evaluated the conditions of each sanitation facility based on problems with usage reported by users or households. Smell, shared usage, difficult to clean, insects, fills quickly, costs of emptying, blocks frequently, lacks privacy, cost of paying for usage (in case of public/community toilets), distance from dwelling, safety, not available when need to use and water ingress, were some of the common problems that can be associated with on-site sanitation systems in informal settle- Pearson Chi-square values were used to determine the strength of relationships between variables at a 95% significance level. The survey and the methodology were given a favourable response from the Ethics Committee at the University of Surrey.
RESULTS AND DISCUSSIONS
The settlements (Figure 1(a) ) and deprived (either very deprived or deprived in the deprivation index developed) households (Figure 1(b) ) compared to the settlements in Kigali and Kampala. With regard to the education level of the respondents, the household survey showed that the majority of residents were educated up to primary/secondary level, the highest in Kisumu; though Kampala reported the highest proportion of respondents with higher education level (see Figure 2 ).
It is theorised that both geophysical characteristics of an area and the socioeconomic characteristics of households influence the type of sanitation facility used at a household level (Hogrewe et al. ) . Before a household decides to install an improved sanitation facility, a number of factors influence the decision process; from preference, through to intent, to finally making a choice to adopt to a better facility (Jenkins & Scott ) . This means that the different levels of sanitation coverage in the three case study cities may, to some extent, be explained by the differences in demographic characteristics of the cities.
Sanitation facilities
This paper considers improved sanitation 'technologies' to include flush toilet connected to sewerage system/septic tank, ventilated improved pit latrine, pit latrine with a slab, composting toilet and urine diverting dry toilet. In this definition, we specifically focus on the technologies used, excluding issues of sharing, privacy, etc. Improved sanitation 'facilities' is used where consideration of sharing and problems are reported.
From the household survey it is evident that there are appropriate sanitation systems being built, generally in low-income informal settlements of the three cities, with about 77.4% of privately owned facilities being improved sanitation technologies. However, more than half of the improved technologies were self-reported to have problems. The self-reported problems with existing improved technologies significantly (p < 0.0005) varied between the cities but were mainly related to shared usage (65.5%), smell (54.0%) and insects (46.9%). Other problems were safety (45.0%), cleanliness (39.4%), lacks privacy (34.9%), fills quickly (29.9%), water ingresses (26.4%), distant from dwelling (24.2%), not available when needed (22.4%), blocks frequently (15.9%), and cost of emptying (15.0%). The reported problems with the existing facilities point to inadequacy of the facilities to provide full public health and socioeconomic benefits to the users and renders them unimproved (COHRE ). Considering improved sanitation technologies with no reported problems, less than 5% of the facilities in the study sample meet the conditions required for improved sanitation facilities (Table 1) .
From observations, it was also noted that the majority of the facilities had no hand washing amenities for hygienic purposes.
The household survey results on open defecation (Table 1) 'We usually disagree especially in cleaning among ourselves, some people do not want to clean and the landlords are absent. We even try to identify the faeces by asking what diet one had last meal to be able to tell who has defecated on the side. You can hear someone saying "for us we ate 'embuta' (Nile perch), so this faeces cannot be for some body from our house"', Focus group discussion, female tenant, Kampala.
The existing situation highlights more concerns in Kisumu compared to the other two cities. To explain the trend of improved sanitation facilities requires an understanding of 'who has improved technology?' by relating access to the demographic characteristic of the households.
Distribution of sanitation technologies among the different households
Responses to the household survey showed that the likelihoods of owner occupiers and tenants having improved sanitation technologies are similar; however, a higher proportion of tenants practised open defecation (Figure 3(a) ).
This finding highlights further that property ownership can influence one's defecation practice, which may be one of the reasons for low coverage in informal settlements, where the majority of the inhabitants are tenants. The Table 2 ).
The findings suggest that formal education exposes households to information and knowledge about good sanitation, and encouraging people to go to school can be one way of improving access to sanitation in low-income informal settlements. Property owners need to provide some rules and guidelines on hygienic defecation practice for their tenants.
Reasons for lacking access to improved sanitation
The household survey showed that the majority of respondents who practised open defecation in Kisumu reported either lack of space (42.0%) or inability to afford (39.3%)
as the main reason for lacking a private sanitation facility.
These barriers have been reported elsewhere; such as in a study conducted in Ghana to assess household demand for improved sanitations in rural and peri-urban areas, the authors also found that many respondents cited space (48.4%) and high cost (33.6%) as the constraints to constructing toilets (Jenkins & Scott ) . This is the system; even old people use polythene bags.
A person during the daylight can use a polythene bag and throw it on the roof of the neighbour', Focus group discussions, local council authority (LC), Kampala.
Another local council member said:
'Like when you have a visitor and the toilets are closed at night, this is a shortcut we always use. For example yesterday we were seated here with the chairman and a journalist, a man appeared at this public toilet, the people were using it and this drunken man stood there;
in a few seconds we saw faeces dropping down the man's trousers as he was waiting to go in the toilet; people saw this'. Even where households use an organic solution (11.8%), which is a microbial technology used to decompose and suppress the sludge and create more space in the toilet for further use in Kigali, at some point the toilet fills up.
The study shows that the cities have many and varied challenges in providing improved household sanitation and that specific and targeted interventions are required for each city. For instance, the many unimproved technologies in Kigali could be a result of the lack of service providers coupled with the fact that the settlements have the highest proportion of squatters (24.0%) and eviction notices (9.5%) in the cities, and thus residents cannot invest in better technologies. Solving this will require opening up the market for sanitation services and reforms on the land tenancy system in low-income informal settlements.
The results of the survey highlight the low level of access to improved sanitation and unhygienic human waste disposal practices in low-income informal settlements of these cities which pose a health risk to the lives of the community and a burden to urban authorities.
'In this area, we use spring water which comes from underground. In case there is a heavy downpour, the water changes colour, yet that is the only source of water for all purposes in this area. We do not know exactly what causes that. Toilets in this place are emptied into the drainage channel; sometimes it happens during the day and it creates foul smell in the area', Focus group discussion, male tenants, Kampala.
In Kigali, a male tenant also expressed the risks and challenges of poor sanitation practices:
'There are still some people who discharge faecal matter in the drainage channels mainly during the night when they are not seen and this happens when their toilets are full and they do not have any other space to dig another one. Waste can be seen at the sides of the streams and the accumulation of these attracts insects and flies, which causes diarrhoea to some children playing around and bad smell in the surroundings. Some toilets do not have privacy thus women and girls become uncomfortable using them', Focus group discussion, male tenants, Kigali.
The effect of poor sanitation from a single household can result in contamination of water sources used by the community, causing diseases, high costs for water treatment and many other unnecessary expenses for both individual households and urban authorities.
CONCLUSION AND RECOMMENDATIONS
Though some improved sanitation technologies by the JMP definition can be found in low-income informal settlements, the majority are unable to provide full public health and socioeconomic benefits to the users. Shared usage, smell, insects, safety, cleanliness and lack of privacy are the top six conditions that render them unimproved. The barriers to access improved sanitation vary between cities and will thus require specific interventions tailored for each city.
Kigali has many unimproved technologies and needs education on appropriate technologies and opening up the market for sanitation service providers like constructors and emptiers. Kampala has many public toilets that are constructed far from their user households due to space and topographical problems and needs development of appropriate technologies for the settlements. Kisumu has the highest proportion of deprived households and improved technologies but with highest number sharing and unhygienically emptied, high levels of open defecation and hence the need for social interventions.
The findings imply that the unhygienic human waste disposal practices in low-income informal settlements pose a risk to the health of inhabitants in and around the settlements, and quality of water sources, and a burden to urban authorities. As a result, households are unnecessarily spending time and money to treat or attend to family members who are sick with sanitation-related illness.
Governments are directly and indirectly spending lots of resources on medicine, water treatment as a result of contaminated sources, restoring the ecosystem lost by contamination, and many other costs. The situation highlights an urgent need to develop specific strategies that will improve sanitation conditions in each low-income informal settlement or city based on its unique characteristics and challenges. Efforts to increase sustainable access and use of improved sanitation in urban centres should give special attention to the population in low-income informal settlements and understand the specific unique challenges for appropriate solutions.
